Background and Purpose-The effects of early upright positioning in the acute phase of ischemic stroke on both blood pressure and functional outcome have not been previously examined. Methods-Prospective investigation of mean arterial pressure, heart rate, and peripheral oxygen saturation in the supine, sitting, and (if achievable) active standing position 1, 2, and 3 days after an acute stroke was performed. Also investigated was the presence of a significant postural blood pressure rise and fall using orthostatic definitions and the relation to functional outcome after 3 months. Results-One hundred sixty-seven patients were included (mean age, 68.5Ϯ15.2 years; median National Institutes of Health Stroke Scale, 7). Approximately 60% of the patients were able to stand. On average the mean arterial pressure increased when patients moved from the supine to sitting (Day 1: ⌬ 3.9 mm Hg; PϽ0.001) and from sitting to an active standing position (Day 1: ⌬ 4.6 mm Hg; PϽ0.001). Changes were most pronounced within the first 24 hours after a stroke. Blood pressure decreased significantly (fall) on standing in 13% of patients and increased significantly (rise) in 20% of the patients. The latter was independently associated with a favorable outcome (Pϭ0.003). Moving to the standing position was accompanied by an increase of heart rate. No difference in oxygen saturation was observed in the various positions over the period of investigation. Conclusions-We found that a significant blood pressure rise during early upright positioning in patients with acute stroke was independently associated with a favorable outcome. No contraindication to early mobilization was found in this study. (Stroke. 2012;43:00-00.)
arly mobilization and rehabilitation (in and out of bed) is increasingly applied in the setting of acute stroke, although largely based on low levels of evidence. 1, 2 Such early mobilization may prevent venous thrombosis, cardiopulmonary deconditioning, and may improve early plasticity of the brain. [3] [4] [5] However, it may also increase metabolic demands of the damaged brain and decrease penumbral perfusion. Especially, the upright positioning in the setting of early mobilization after stroke may be detrimental to perfusion. 6 In healthy subjects, upright positioning leads to a transient period of decreased blood pressure (BP; Ͻ30 seconds), but intact cerebral autoregulation maintains a constant cerebral perfusion through increased cardiac output and cerebral vasodilatation. 7 In patients with acute stroke, however, the responses to upright positioning may be disturbed due to (1) diminished or overactive cerebral autoregulation 8 ; (2) ischemic lesions that disturb autonomic nervous function 9 ; and (3) a potential correlation between stroke and orthostatic hypotension through shared risk factors such as old age, diabetes, and the use of antihypertensive medication.
There is increasing evidence that disturbed cerebral autoregulation affects the outcome of stroke, especially in the setting of cervical artery disease. 10 Also, various strategies in the stroke unit are geared toward monitoring and optimizing physiological parameters, partly in an attempt to salvage penumbra. 11, 12 However, there is only 1 study that reports BP responses to upright positioning in patients with acute stroke. 13 That study reports a 10% rate of postural hypotension in patients with acute stroke yet BP increases on upright positioning in most patients. The relation to outcome is not addressed. It is unclear how postural changes in hemodynamic parameters affect the average patient in the acute stroke unit when mobilized to the upright position within 24 hours of symptom onset. The aim of our study was to address how changes in physiological parameters on upright positioning affect outcome after 3 months of an acute stroke.
Methods

Patients
This study was conducted in the stroke unit of a large teaching hospital from August 2008 to June 2010. Inclusion criteria were the diagnosis of an acute stroke, age Ͼ18 years, and admission to the stroke unit within 24 hours. Exclusion criteria were decrease of consciousness, decreased cooperation, hemodynamic instability, and fever. Baseline stroke work-up with baseline brain CT scanning, electrocardiography, duplex carotid ultrasound, and laboratory investigation was performed. Use of any medication, especially antiarrhythmic and antihypertensive medication, was registered. Discontinuation of preadmission antihypertensive medication was recorded. Initial and follow-up stroke severity was assessed with the National Institute of Health Stroke Scale (NIHSS). The stroke subtype was classified using the Oxfordshire Community Stroke Project classification. 14 Functional outcome at 3 months was assessed with the modified Rankin Scale by a trained person blinded to BP data. 15 A favorable outcome was defined as a modified Rankin Scale score Յ1. The study was approved by the local medical ethics committee.
Measurements
Measurements of vital parameters in the different body positions were performed in a standardized fashion by a single physician. The first postural measurements were taken a few hours after admission in the stroke unit (Day 1, Ͻ24 hours after ictus). BP and heart rate (HR) readings were taken with an automatic oscillometric device (Philips Intellivue MP30 monitor; Philips Medical Systems, Best, the Netherlands). This BP device measures oscillations from the blood vessel wall during bladder deflation. The pressure at which the oscillations are at a maximum is defined as mean arterial pressure (MAP). The device then calculates systolic blood pressure (SBP) and diastolic blood pressure (DBP) with an unknown patented algorithm. Continuous peripheral oxygen saturation (SpO 2 ) monitoring was performed with the Intellivue MP30 device with the Fourier Artifact Suppression Technology algorithm. The aim was to repeat the measurements at Days 2 and 3 at the same time of the day. Potential confounders for correct BP recordings were avoided, 16 the instruments were regularly calibrated, and the size of the bladder within the cuff was adapted to arm circumference.
Body Positions
To mimic the stroke unit mobilization process, patients were always brought in the sitting position first before carefully moving to the active standing position. Patients with stroke who were unable to stand independently or with minimal help (eg, because of their neurological deficits) were not investigated in the standing posture. The ability to stand was evaluated daily. Hypotensive symptoms during the sitting or standing phases were noted. In both sitting and standing positions, the cuff was positioned close to the armpit approaching the level of the right atrium. In the supine position, the arm used for BP measurement was routinely supported by a pillow to keep it halfway the distance between the sternum and the bed. In the sitting position, the patient was upright in bed (approximately 70°) with the legs in the horizontal position. Both arms were depending besides the thorax with the forearms in the lap. In the standing position, the arms were depending next to the body.
Measurements
After 3 minutes of supine rest, the supine BP was measured twice bilaterally to screen for important (Ͼ8 mm Hg) differences between both arms, in which case patients were excluded. The 4 supine BP readings were averaged. The cuff was left on the arm with the mean highest supine value. Three separate measurements were then averaged after 3 minutes of rest in the sitting position. This procedure was then repeated with the subjects in the standing position. The incidence of significant postural fall as defined by Ն20 mm Hg systolic or Ն10 mm Hg diastolic drop was determined by calculating the difference between standing after 3 minutes and supine values. Similarly significant postural rise was defined as a systolic increase of Ն20 mm Hg. 17 HR and SpO 2 were also measured in the 3 positions.
Statistical Analysis
It was calculated (paired means) that approximately 150 subjects were needed to detect a within group BP change of Ͼ5 mm Hg with a power of 80% at the 5% significance level given that the SD of the supine to standing SBP difference in elderly hospitalized patients with stroke is Ϯ20 mm Hg. 13 The outcomes in this study were MAP, SBP, DBP (all mm Hg), HR (beats/minute), and SpO 2 (%) in each position. Values are presented as meansϮSE unless otherwise indicated. In a 2-level model, the body positions (supine, sitting, and standing) and days after stroke (Days 1, 2, and 3) were evaluated. A multilevel model was chosen because measurements were nested in patients. The effects of the covariates age, sex, NIHSS, history of hypertension, history of diabetes mellitus, discontinuation of antihypertensive medication, and supine SBP (Day 1) were evaluated. The covariate age was centered at 37 years. To investigate whether significant BP rise or fall was independently associated with a favorable outcome, the same covariates as in the multilevel model were entered in a logistic regression model where all covariates were treated simultaneously and on equal footing. These covariates have previously been associated with outcome of stroke or orthostatic hypotension. PϽ0.05 was considered statistically significant. Statis- 
Results
Patient Characteristics
In total, 167 patients were included of which 156 patients were measured on Day 1, 132 on Day 2, and 101 on Day 3. Demographic and clinical characteristics are shown in Table  1 . Median NIHSS was 7 with more than half (52%) being mildly affected (NIHSS Յ7) and 23% being severely affected (NIHSS Ͼ12). Mean supine SBP and DBP on Day 1 were 140Ϯ24 mm Hg and 69Ϯ14 mm Hg, respectively. Mean HR was 77Ϯ15 beats/minute and SpO 2 97%Ϯ1.6%. On Day 1, 52% were able to stand, increasing to 66% and 68% on Days 2 and 3, respectively. Forty-three percent of the patients had a favorable outcome.
Hemodynamic Parameters in Various Positions in the First 3 Days After Stroke
Mean SBP, DBP, MAP, HR, and SpO 2 values over the first 3 days in the supine, sitting, and standing positions are presented in Table 2 . SpO 2 remained stable during mobilization in almost all patients. BP increased going from the supine to the standing position. This was most pronounced on Day 1 after stroke (eg, mean MAP change 8.5 mm Hg; PϽ0.001, and mean HR change 12 beats/minute; PϽ0.001 on Day 1). The Figure also shows this increase of BP on attaining an upright position. It also shows that the MAP is highest on Day 1 and tends to decrease over the next days. In comparison to BP, the HR response is relatively stable over the 3 days (Table 2) . Adding covariates to the model did not influence the results. Only 1 patient with stroke developed dizziness on standing and had a systolic fall of Ͼ25 mm Hg. In total 107 patients had supine and standing measurements on at least 1 day. The overall frequency of a significant BP fall in this group was 13.1% (nϭ14). Ten individuals (9.3%) showed a postural SBP fall of Ն20 mm Hg. In addition, 6 individuals (5.6%) had a postural DBP fall of Ն10 mm Hg. Two patients fulfilled both criteria. The percentage of patients with a significant postural SBP fall was 1.2%, 3.5%, and 10.4% on Days 1, 2, and 3, respectively. The 14 patients with this significant BP fall more often had a history of hypertension 
Change in Hemodynamic Parameters and Outcome
Patients with a significant SBP rise had a significantly better outcome with 81% favorable outcome rates versus 51% in the group without this response (Pϭ0.01). In the multivariate analysis, a significant postural BP rise was an independent predictor of a favorable outcome (OR, 7.95; 95% CI, 2.02-31.28; Pϭ0.003; Table 3 ). There was no significant relationship between a significant BP fall and outcome.
Discussion
In this prospective study, we evaluated the influence of the supine, sitting, and active standing body positions on indirect BP, HR, and SpO 2 over the first 3 days of patients with acute ischemic stroke. The results demonstrated increases of mean SBP, DBP, and MAP on sitting and standing, especially on Day 1. Moving to the standing position was accompanied by an increase of HR, which was only slightly more pronounced on admission. SpO 2 was not different in the various positions over the days. The incidence of significant postural BP fall and rise were approximately 13% and 20%, respectively. Interestingly, a significant BP rise was independently associated with a favorable outcome 3 months after stroke. This is the first study to demonstrate a relationship between hemodynamic responses to various body positions and outcome in patients with stroke. Our findings are in agreement with a previous study of 40 elderly patients with stroke with DBP and MAP increasing significantly on sitting and active standing on admission and 1 week after stroke. The incidence of significant postural BP fall in that group was approximately 10%. 13 Later the same group reported that the use of antihypertensive medication in the acute phase does not contribute to a significant postural BP fall. 18 Although the results are comparable to ours, patients in both studies were asked to move directly from the supine to the active standing position, bypassing the sitting position. Their approach allows formal assessment of the presence of orthostatic hypotension according to published criteria. 19 Our more gradual approach does not allow such a formal assessment but is a better simulation of the actual physiological challenges to the patient when mobilized at the stroke unit. Two other stroke studies used passive tilt table investigation in the acute and chronic phase of stroke. Again, the physiological response on tilting is different from our active standing protocol making comparison difficult. 9, 20 The incidence of significant postural BP fall was very low in our cohort on Day 1 (1.2%) and increases to approximately 10%, which is comparable to the known incidence of orthostatic hypotension in the normotensive and hypertensive elderly. 13, 21, 22 The incidence of a significant postural BP rise was approximately 12% on admission and decreased slowly over the next days. Interestingly, this acute hypertensive postural response was an independent predictor for a favorable outcome. To our best knowledge, this direct relationship with outcome has not been reported in patients with acute stroke previously. Chronic orthostatic hypertension in Japanese patients with essential hypertension has been associated with silent cerebrovascular ischemia and infarction, 23 but this is most probably a different phenomenon than the one we observed in the acute phase of stroke.
An acute hypertensive response defined as an elevation of BP above normal within the first 24 hours of symptom onset is reported in Ͼ60% of stroke cases. 24 Spontaneous reduction in the initial BP over the next few days in most patients supports the role of a transient and stroke-specific mechanism. Spontaneous reduction of BP after vessel recanalization also implies stroke-specific mechanisms. 25 Several underlying mechanisms like damage to cardiovascular and autonomic brain centers, 26 an excessive reaction to venous pooling in the legs, 27 an increased sympathetic nervous system and/or reduced parasympathetic activity, an impaired cardiac baroreceptor sensitivity, and raised levels of circulating catecholamines may all contribute to this hypertensive response. 28, 29 Our results relate favorable outcome to an exaggerated postural BP increase without important contributions of HR. The effect persisted after correction for known confounders (such as medical history, NIHSS, age, or BP medication). 30 It is known that BP changes on tilting reflect sympathetic nervous system function. 31 Altogether this suggests a positive role of an intact or enhanced sympathetic autonomic function in recovery after stroke by allowing adequate responses to physiological challenges such as early mobilization. 29, 32 Because not all patients were included consecutively, we assessed external validity by comparing baseline characteristics with those of the stroke registry of our center (Supplemental Table I ; http://stroke.ahajournals.org.) and data published. 33 The only important difference was a higher NIHSS in our study population. Patients with early complete or Figure I ). Furthermore, in our study, upper extremities were depending instead of horizontal when BP was measured in the sitting and standing positions because of paresis or fatigue of extremity. However, attention should be paid to the position of the BP cuff to the right atrial level to obtain correct measurements. 34 BP measurement will result in higher values if the cuff is below the right atrium. Favorable outcome was defined as modified Rankin Scale score of 0 to 1. This seems appropriate for the active standing stroke group with mild to moderate disability (median NIHSS of 5 [4 -8] , nϭ107).
Conclusions
The present study shows that upright positioning as part of early mobilization in mildly to moderately affected patients with acute stroke does not lead to important decreases in BP, HR, or SpO 2 . This constitutes an additional argument for the safety of early mobilization after stroke. 35 Exaggerated postural BP rises seem to be related to a favorable outcome in the acute phase of ischemic stroke. It is an underappreciated, yet easily diagnosed, clinical phenomenon. Further studies to confirm and explain these findings in the setting of acute stroke are required. Greater attention for postural BP changes seems warranted when designing and interpreting acute stroke hypertension treatment and mobilization trials. 30, 35 Sources of Funding 
